March 1980 


Journ. Jap. Bot. Yol. 55 No. 3 


65 


Ryuso Tanaka* & Kazuo Oginuma*: Karyomorphological studies 
on Clethra barbinervis and two allied species 

: y 3 tr ? *5 i tF 2 

It is one of the subject in the study of plant evolution that how a species 
is fixed in the static state of phylogenetic development without showing 
variational and speciating divergence. The present Clethra barbinervis seems 
to be one of such species fixed in a stable state in phylogenetic development, 
since in the genus Clethra only one species, Clethra barbinervis Sieb. et 
Zucc., is known natively in Japan, while observations on this plant have been 
made frequently by plant taxonomists. 

According to the observations in Orchidaceae, the morphological features 
of chromosomes at resting phase clearly differ between the species which 
show rapid speciation and those of slow speciation (Tanaka 1971). From 
these facts, the morphology of chromosomes in whole phases of cells was 
considered to have close correspondence to the evolutional property of plant 
species (Tanaka 1971, 1978). The present investigation was carried out as 
one of the studies of the evolutional significance of chromosome morphology. 

Materials and methods Clethra barbinervis Sieb. et Zucc. was collected 
from four localities in Hiroshima Pref. of Japan. In comparison with the 
Japanese species two species from North America, C. acuminata Michx. and 
C. alnifolia L., were investigated karyomorphologically, and they were listed 
in the Table 1. The two species from North America were obtained from 
the Cary Arboretum of the New York Botanical Garden. They were ger¬ 
minated in the Miyajima Botanical Garden attached to the Faculty of Science, 
Hiroshima University. We thank to Dr. T. Seki of the Miyajima Botanical 
Garden for his help in collecting two North American species. 

For the observation of chromosomes, young leaves of about 2 mm length 
were pretreated with aqueous 0.002 M 8-hydroxyquinoline at room temperature 
(about 20°C) for about four hours and fixed in modified Carnoy’s solution 
(99% ethanol : chloroform : glacial acetic acid = 2:1:1) for over one hour at 
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Validated specimens of the chromosome observations were deposited in the 
Herbarium of the Botanical Institute of Hiroshima University. 

Observations Many mitotic cell divisions were observed in the young 
leaves. Observations on the morphology of chromosomes were done in both 
resting and mitotic chromosomes in the parenchymatous and meristematic 
cells of young leaves. 

1. Clethra barbinervis Sieb. et Zucc. 

Chromosomes in the resting nuclei formed chromatin threads and many 
chromomeric granules scattered in nuclear space. Several chromocentral small 
blocks were formed in the resting nuclei. They varied in number from 8 to 
10 per nucleus and were mostly round in shape with about 0.3-0.6 ftm in 
diameter. The chromocentral blocks uniformly distributed within the nucleus 
(Fig. 1-A). The morphology of chromosomes at resting phase was found to 
come under the category of the simple chromocenter type proposed by Tanaka 
(1971). 

At metaphase 2n = 80 chromosomes were counted in all of the four plants 
from four localities (Table 1). These chromosomes varied in length from 
about 0.7 «m to 2.2 jam. Ten of them, being about 2.2 /am, were clearly longer 
than other chromosomes. The shorter 70 chromosomes ranged gradually from 
about 0.7 ftm to 1.7 /um. The chromosomes showing the heterogeneous varia¬ 
tion are categorized as the bimodal karyotype in chromosome length. The 
longer ten chromosomes had the centromere situated in the median position. 
Two or three of them had the small constriction in the long arm. Shorter 
70 chromosomes had the centromere situated in the median or submedian 
position. The chromosome complement was categorized to be the symmetric 
karyotype in arm-ratio. Satellites were found in six chromosomes which were 
medium in length (Figs. 1-B and 2-A). The satellites were observed in the 
short arms forming a subterminal secondary constriction, respectively. 

2. C. acuminata Michx. 

Chromosomes in the resting nuclei formed chromatin threads and many 
chromomeric granules scattered in nuclear space. Several chromocentral 
round blocks were formed in the resting nuclei. They varied in number 
from 8 to 10 per nucleus and were about 0.3 /*m-0.8 /jtm in diameter (Fig. 1-C). 
Thus, the morphology of chromosomes at resting phase was categorized to 
be the simple chromocenter type which was similar to that of the previous 
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species, C. barbinervis. 

At metaphase 2n = 32 chromosomes were counted. They varied in length 
from about 0.7 pm to 1.8 pm. Four of them, being about 1.8 pm, were clearly 
longer than other chromosomes. The remaining 28 chromosomes ranged 
gradually from about 0.7 pm to 1.0 pm. The chromosomes of a complement 
showing the heterogeneous variation are categorized as the bimodal karyotype 
in chromosome length. The longer four chromosomes had the centromere 
situated in the median position. One or two chromosomes of them had the 
small constriction in the long arm. Shorter 28 chromosomes had the cen¬ 
tromere situated in the median or submedian position. Satellites were found 
in the two chromosomes which were medium in length (Figs. 1-D and 2-B). 
These satellites were observed in the short arms forming a subterminal 
secondary constriction in both of the chromosomes. 

3. C. alnifolia L. 

Morphology of chromosomes in the resting nuclei were similar to those 
of the previous two species, C. barbinervis and C. acuminata. Thus, it was 
categorized to be the simple chromocenter type (Fig. 1-E). 

At metaphase 2n = 32 chromosomes were counted. It confirmed the report 
of Hagerup (1928). 2n = 32 chromosomes had the four longer chromosomes 
and 28 shorter chromosomes which ranged gradually. The longer four 


Fig. 2. Photomicrographs of chromosomes at mitotic metaphase in three species of Clethra. 
' /A C. barbinervis (2n -80) B: C. acuminata (2n=32). C: C. alnifolia (2n=32). X2700. 
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chromosomes had the centromere situated in the median position. The 28 
chromosomes had the centromere situated in the median or submedian position. 
Satellites were found in the two chromosomes which were medium in length. 
The satellites were observed in the short arms forming a subterminal 
secondary constriction in both of the chromosomes (Figs. 1-F and 2-C). 
The chromosomes at metaphase were found to be similar in karyotype to 
those of previous C. acuminata. 


Table 1. Localities and chromosome numbers of Clethra investigated 


Species 


Locality 


C. barbinervis Ono T., Hiroshima Pref. 

Sieb. et Zucc. Miyajima Is., Hiroshima Pref. 

Higashihiroshima C., Hiroshima Pref. 
Sandan-kyo, Hiroshima Pref. 

C. acuminata Michx. Transylvania County, North Carolina 
C. alnifolia L. Millbrook, Dutchess County, New York 


Chromosome 

number 

(2n) 

80 

80 

80 

80 

32 

32 


Discussion C. barbinervis occurs commonly in Japan distributed widely 
from Hokkaido to Kyushu. In Japan only this species has been reported as 
wild (Makino and Nemoto 1931, Nemoto 1936, Hara 1948, Kitamura and Murata 
1971, Ohwi 1978). In the view of plant speciation this species can be regarded 
as a stable species fixed in the static state of speciation. 

The chromosome number 2n = 80 of C. barbinervis has been observed in 
the present investigation. The same chromosome number was found in all of 
the four localities of coastal, inland and mountainous regions, in Hiroshima 
Prefecture. Therefore, C. barbinervis is considered to be 2n = 80 at least in 
western Chugoku District. 

In Clethra about 30 species have been reported in the world. Only three 
of them have been studied cytologically and their chromosome numbers are 
reported to be C. arborea 2n = 16 (Hagerup 1928), C. lanata n = 8 (Kyhos 1965) 
and C. alnifolia 2n = 32 (Hagerup 1928, present investigation). In the present 
investigation 2n = 80 of C. barbinervis and 2n = 32 of C. acuminata were newly 
counted. Among these chromosome numbers a polyploid series with the basic 
number x = 8 is found as follows: the diploid with 2n = 16, the tetraploid with 
2n = 32 and the decaploid with 2n = 80. Therefore, in the genus Clethra an 
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interspecific polyploidy has occurred widely in the world and C. barbinervis 
in Japan has been found to be the highest, decaploid, of them. 

The chromosome complements of metaphase chromosomes in the tetraploid 
and decaploid species showed the morphological features as follows. In both 
tetraploid species, C. acuminata and C. alnifolia, four longest chromosomes 
which differ conspicuously from the other 28 chromosomes were observed. 
These four chromosomes showed similar shape in the position of median cen¬ 
tromere. The basic number x = 8 of the two tetraploids seems to be derived 
from the complement having one long chromosome. In decaploid C. barbinervis, 
ten longest chromosomes which were similar to those of the tetraploid species 
were observed. C. barbinervis, therefore, seems to have derived from the 
same basic number x = 8 with the tetraploid species. The secondary constric¬ 
tions and small constrictions were observed in shorter chromosomes in the 
three species. The shape of metaphase chromosomes also resembled each 
other in respect to heterogeneous variation of size and symmetric arm-ratio. 
In addition to this the resting chromosomes of the three species were observed 
to be the same simple chromocenter type with several round chromocenters, 
and the number of chromocenters in a nucleus was found to be the same 
between the tetraploid and decaploid. According to these karyomorphological 
features C. barbinervis is considered to be the decaploid species which was 
not markedly differentiated from the two tetraploid North American species, 
C. acuminata and C. alnifolia. These karyomorphological features, particularly 
the decaploidy, might have played an important role for the fixation of C. 
barbinervis in the static state of speciation. 

The genus Clethra is a small genus speciating into about 30 species in 
the world. For such poor speciation as in Clethra the karyomorphological 
features of the species of this genus were found to be heterogeneous in 
chromosome size, symmetric in arm-ratio and simple chromocenter type at 
resting phase. The problems of the interrelationship between the karyomor¬ 
phological features and the speciating characteristics will be treated in the 
following papers. 

Summary 

1. Karyomorphological studies were carried out in Clethra barbinervis 
Sieb. et Zucc. from Japan, C. acuminata Michx. and C. alnifolia L. from 
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North America. 

2. C. barbinervis was found to be 2n=80, and C. acuminata and C. alnifolia 
were 2n = 32. 

3. The three species were found to have similar karyomorphological 
features showing a bimodal and heterogeneous type in chromosome length, 
symmetric type in arm-ratio, satellited shorter chromosomes, and simple 
chromocenter type in the morphology of resting chromosomes. 

4. The 2n = 80 of C. barbinervis had ten markedly longer chromosomes, 
and both the 2n = 32 of C. acuminata and the 2n = 32 of C. alnifolia had the 
four markedly longer chromosomes. 

5. C. barbinervis was considered to be decaploid, and C. acuminata and 
C. alnifolia tetraploid with the same basic number x = 8. 
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